Constitutively active PI3K catalytic subunit a (PIK3CA) interfered with apoptosis induction downstream of death receptorsignaling complex formation allowing robust caspase-8 activation without triggering the execution steps of apoptosis. In mutant PIK3CA-expressing cells, tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) and CD95L stimulated nuclear factor kappaB (NFjB) activation, invasion, and transition to an amoeboid-like morphology. NFjB activation and adoption of amoeboid shape were inhibited by caspase-8 knockdown or FLIP-S expression, but only the cell morphology alterations required caspase-8 activity. Furthermore, we identified caspase-8-mediated, caspase-3-independent cleavage of the protein kinase rho-associated, coiled-coil containing protein kinase 1 as a novel mechanism for acquiring amoeboid shape and enhanced invasiveness in response to TRAIL and CD95L. Taken together, we provide evidence that mutated PIK3CA converts the 'tumor surveillance' activity of cancer cell-expressed death receptors and caspase-8 toward tumor promotion.
Growth factor-stimulated receptor tyrosine kinases (RTKs) typically activate the phosphoinositide 3-kinase (PI3K)/Akt pathway by recruiting inactive PI3K from the cytoplasm to phosphotyrosines in the receptor itself or in receptorassociated adaptor proteins. 1, 2 Here, PI3K has improved access to its plasma membrane-located substrates and in particular converts phosphatidylinositol 4,5-bisphosphate to phosphatidylinositol 3,4,5-trisphosphate (PIP 3 ). The latter in turn serves as a binding site for pleckstrin homology domain containing proteins, especially the serine-threonine kinase Akt/PKB and the phosphoinosite-dependent protein kinase-1 (PDK1). On activation by PDK1, Akt phosphorylates proteins involved in the regulation of proliferation, cell growth, survival, and motility, for example forkhead transcription factors, mammalian target of rapamycin, BAD, and glycogen synthase kinase-3b (GSK3b). 1, 2 The major negative regulator of the PI3K pathway is the tumor suppressor phosphatase and tensin homolog (PTEN), a lipid phosphatase that dephosphorylates PIP 3 and thus terminates Akt activity. 1, 2 In correspondence to its crucial function in cell growth and proliferation, the PI3K/Akt/PTEN system is deregulated in a broad range of cancer entities, and mutations in its major components PI3K, PTEN, and Akt are frequently found in tumor cells. The PIP 3 -generating PI3Ks, which are relevant in RTK signaling, are grouped together in the IA subclass of the PI3K family and are heterodimers composed of one of the five regulatory subunits (p85a, p85b, p55a, p55g, and p50a) and one of the three catalytic subunits (p110a, p110b, and p110g). 1, 2 In recent years, it turned out that the PI3KCA gene, which encodes the p110a catalytic subunit, is one of the most often mutated oncogenes in human malignancies. Somatic missense mutations in the PI3KCA gene have been found in liver, breast, colorectal, brain, and gastric cancer with frequencies of up to 40%. 3 The mutations in the PI3KCA gene are mainly located in two hotspots encoding the helical and kinase domains of the protein and are in accordance with the concept that these alterations stimulate the lipid kinase activity of the molecule. 3 In fact, it has been shown in isogenic pairs of HCT116 and DLD1 cells that harbor either the PI3KCA wild-type allele or the hotspot mutations H1047R and E545K that these genetic alterations result in improved growth factorindependent proliferation, apoptosis resistance, and tumor cell invasion. 4 Tumor necrosis factor (TNF)-related apoptosis-inducing ligand (TRAIL) receptor-1 (TRAILR1), TRAILR2, and CD95 are prototypic representatives of the death receptor subgroup of the TNF receptor superfamily that trigger the extrinsic pathway of apoptosis in a variety of cell types and tumor cells. 5 The TRAIL death receptors and CD95 are ubiquitously expressed and their activation is mainly controlled by the strictly regulated expression of their corresponding death ligands TRAIL and CD95L. Both ligands are expressed by activated immune cells and are used to induce cell death in corresponding target cells, such as virus-infected or transformed cells. [6] [7] [8] In view of the observation that late stages of some cancers, for example colorectal cancer, display constitutive expression of CD95L, which correlates with poor prognosis and enhanced metastasis, 9, 10 it has been suggested that death receptor-resistant tumor cells hijack the initially anti-tumoral-acting death ligands to evade the immune system by inducing cell death in tumorinfiltrating lymphocytes. 11 Additional and/or alternative protumoral functions of tumor-associated CD95L expression might base on the stimulation of proinflammatory pathways. 12, 13 In fact, a metastasis and invasion-promoting function has been shown in vivo for TRAIL in a model of xenotransplanted Bcl-xL-protected pancreatic ductal adenocarcinoma cells and for CD95L in a syngeneic model of intracranial glioblastoma multiforme. 14, 15 Here, we show that mutated PI3K catalytic subunit a (PIK3CA) switches the quality of death receptor signaling from apoptosis induction to inflammation and invasion in colorectal HCT116 cancer cells. Particularly, we show that PIK3CA expression confers apoptosis protection downstream of death receptor-signaling complex formation and thus allows processing and activation of the complete cellular caspase-8 pool.
Although caspase-8 activity is dispensable for death receptorinduced nuclear factor kappaB (NFkB) signaling, it is required to activate rho-associated, coiled-coil containing protein kinase 1 (ROCK-1), thereby inducing the remodeling of the actin cytoskeleton.
Results
Mutated PIK3CA blocks death receptor-induced apoptosis downstream of caspase-8 activation in HCT116 cells. Using gene targeting of PIK3CA in human HCT116 cancer cells, it has been shown that the exclusive expression of a single mutated PIK3CA allele harboring the activating H1047R substitution in exon 20 is sufficient to confer strong protection against TRAIL-induced apoptosis. 4 In contrast, the corresponding isogenic cell line having an intact single wild-type PIK3CA allele showed almost complete cell death in response to TRAIL with an ED50-value of B10 ng/ml ( Figure 1a ). Using Fc-CD95L, a hexameric highly active variant of CD95L, we obtained similar results. HCT116 cells expressing mutated PIK3CA showed practically no apoptotic response toward Fc-CD95L, whereas the PIK3CA wildtype-expressing counterparts were readily killed at low concentrations in a caspase-dependent manner (Figure 1a and c). There were no significant differences in the cell surface expression of TRAILR1, TRAILR2, and CD95 between HCT116-PIK3CA-wt and HCT116-PIK3CA-mut cells ( Figure 1d ). As shown in the original description of the HCT116-PIK3CA-wt and HCT116-PIK3CA-mut cells, 4 there was no or barley detectable Akt phosphorylation in the PIK3CA-wt harboring cells, whereas the HCT116-PIK3CA-mut cells displayed constitutive Akt phosphorylation (Figure 1e ). In accordance with a recent study of Kleber et al. 15 demonstrating CD95-induced activation of the PI3K/ Akt pathway in apoptosis-resistant glioblastoma cells, we observed that stimulation with Fc-CD95L and TRAIL further increased Akt phosphorylation in HCT116-PIK3CA-mut cells (Figure 1e ). Earlier reports showed that activation of the PI3K/Akt pathway can interfere with CD95L-and TRAILinduced apoptosis by upregulation of cellular FLICE-like inhibitory proteins (cFLIP). 16, 17 In case of CD95, the protective effect of PI3K/Akt signaling has additionally traced back to modulation of the lateral mobility of CD95 in the plasma membrane. 18 We, therefore, next analyzed CD95-signaling complex formation and CD95 lipid raft localization in response to Fc-CD95L. In sucrose-density centrifugation, HCT116-PIK3CA-mut cells revealed a higher basal association of CD95 with the low-density lipid raft-containing fraction compared with HCT116-PIK3CA-wt cells. In both cell lines, this association was further increased in a caspasedependent manner on stimulation with Fc-CD95L (Figure 2a) . The minor PIK3CA-mut-related difference in CD95 lipid raft association was obviously of no great relevance for ligand-induced CD95-signal complex formation, as immunoprecipitation experiments demonstrated comparably efficient formation of SDS-stable high-molecular weight CD95 aggregates and also similar recruitment and processing of FADD, caspase-8, and cFLIP-L (Figure 2b ). Most indicative for the unaltered caspase-8-activating capacity of CD95 and the TRAIL death receptors in the presence of PIK3CA-mut, however, was the observation that cell lysates of HCT116-PIK3CA-mut and HCT116-PIK3CA-wt cells showed no significant differences in processing of procaspase-8 to mature caspase-8 and roughly similar processing of the caspase-8 substrates FLIP-L (Figure 2b ) and pro-caspase-3 ( Figure 2c ). Notably, there was an important functional difference in caspase-3 processing between HCT116-PIK3CA-wt and HCT116-PIK3CA-mut cells. Although there was complete processing toward the active p17 subunit of mature caspase-3 in HCT116-PIK3CA-wt cells stimulated with TRAIL or Fc-CD95L, the p19 intermediate of caspase-3 processing accumulated in HCT116-PIK3CA-mut cells (Figure 2c) . Interestingly, the p19, but not the p17 subunit of caspase-3, is subject to negative regulation by IAP proteins. 19 Accumulation of fully mature p17/p12 heterotetrameric caspase-3 might, therefore, be dependent on the release of pro-apoptotic mitochondrial factors, for example SMAC, that antagonize caspase inhibition by IAP proteins. 20 In accordance with the idea that HCT116-PIK3CA-mut and HCT116-PIK3CA-wt cells differ in the 'apoptotic' activation of the mitochondria in response to death receptor activation, processing of caspase-9, caspase-2, and PARP was evident in the PIK3CA-wtexpressing cells, whereas there was only a very minor effect in this respect in the PIK3CA-mut-expressing cells (Figure 2c ). Taken together, our data suggest that PIK3CA-mut blocks TRAIL-and CD95L-induced apoptosis downstream of death receptor-associated-signaling complex formation, but upstream of the release of pro-apoptotic mitochondrial factors. Indeed, a recent publication showed that expression of Bax was severely reduced in HCT116-PIK3CA-mut cells. 21 We, therefore, investigated next whether the loss of Bax expression is sufficient to protect HCT116 cells from TRAIL-and CD95L-induced apoptosis. Although HCT116 cells harboring a wild type and a mutated PIK3CA allele were not as TRAIL/ CD95L sensitive as HCT116-PIK3CA-wt cells, they nevertheless showed higher sensitivity than the almost completely protected HCT116-PIK3CA-mut cells (data not shown). A Bax-deficient isogenic variant derived from HCT116 cells, . In contrast, in HCT116-PIK3CA-wt cells, IkBa phosphorylation was poor or absent. The impaired NFkB response in TRAIL/Fc-CD95L-stimulated HCT116-PIK3CA-wt cells, however, did not reflect a fundamental difference in CD95-and TRAIL death receptor signaling between PIK3CA-wt and PIK3CA-mut-expressing cells for the following reason: caspase-8 and especially effector caspases activated in course of apoptosis shut down the classical NFkB pathway by cleavage of various NFkB-signaling intermediates. 12 Accordingly, after blocking caspase activation with z-VAD-fmk in HCT116-PIK3CA-wt cells, TRAIL and Fc-CD95L induced an NFkB response as good or even better as in PIK3CA-mut-protected HCT116 cells, whereas z-VAD-fmk treatment alone had no major effect on the NFkB response ( Figure 3a) . Although there seemed to be quantitative differences in the extent of IkBa phosphorylation between ZVAD-protected HCT116-PIK3CA-wt and HCT116-PIK3CA-mut cells (Figure 3a) , genome-wide mRNA analysis suggested that the constitutive activation of the PI3K/Akt pathway in the HCT116-PIK3CA-mut cells did not affect the upregulation of NFkB-regulated genes (Supplementary Table I ). The majority of NFkB targets was similarly induced by TRAIL and Fc-CD95L and likewise upregulated in Bax-deficient HCT116 cells and parental HCT116 cells treated with z-VADfmk (Supplementary Table I ). In accordance with the crucial function of NFkB signaling in remodeling of the extracellular matrix and metastasis, we found increased activity of TRAIL-and Fc-CD95L-stimulated HCT116-PIK3CA-mut cells in an in vitro invasion assay and enhanced uPA production (Figure 3b and c). TRAIL stimulation also enhanced invasiveness of the Bax-deficient HCT116 cells (Supplementary Figure 2) . TRAIL-and CD95L-stimulated HCT116-PIK3CA-mut cells adopt an amoeba-like morphology. HCT116-PIK3CA-mut cells treated with TRAIL or Fc-CD95L rounded up and adopted a morphology resembling swollen cells undergoing necrosis (Figure 4a-d) . The latter could be ruled out as the cells retained high viability (Figure 1a) . Moreover, the change in morphology was reversible and disappeared within a couple of hours after removal of the initiating death ligand (data not shown) or with prolonged incubation (448 h), (Figure 4b ). Moreover, HCT116-PIK3CA-wt cells showed complete breakdown of the actin cytoskeleton in response to Fc-CD95L, whereas HCT116-PIK3CA-mut cells retained an intact actin cytoskeleton supporting the rounded cell morphology (Figure 4e ). Pretreatment with z-VAD-fmk completely prevented the TRAIL-and Fc-CD95L-induced changes in cellular morphology (Figure 5a-c) . This observation pointed to a possible involvement of caspase-8 in the TRAIL-/Fc-CD95L-induced alterations in cellular morphology, as this is the only caspase in HCT116-PIK3CA-mut cells that can be fully activated. Indeed, caspase-8 knockdown reduced the (Figure 5d ). Thus, this response of HCT116-PIK3CA-mut cells was obviously dependent on caspase-8 and its enzymatic activity. Others and we have shown that CD95-induced activation of NFkB signaling requires caspase-8 independent from its enzymatic activity. 23, 24 We thus also analyzed the effect of caspase-8 knockdown on Fc-CD95L-and TRAIL-induced NFkB activation in HCT116-PIK3CA-mut cells. In good accordance with our earlier studies, caspase-8 knockdown was accompanied by a strong reduction of Fc-CD95L-/TRAIL-induced upregulation of the NFkBregulated cytokine IL8 (Figure 5e ). However, as already shown in Figure 3a , inhibition of caspase-8 activity with z-VAD-fmk had no inhibitory effect. Therefore, both activation of the NFkB pathway and induction of changes in cellular morphology by Fc-CD95L and TRAIL require the presence of caspase-8, but only the latter depends additionally on the enzymatic activity of the molecule.
TRAIL-and CD95L-induced changes in cellular morphology depend on caspase-8-mediated activation of ROCK-1. The type of TRAIL-and Fc-CD95L-induced morphological changes in HCT116-PIK3CA-mut cells points to an involvement of the actin cytoskeleton. ROCK-1 has a central function in the regulation of the actin cytoskeleton and is a prominent caspase-3 substrate that is cleaved and activated during apoptosis. 25, 26 Activation of ROCK-1 is crucial for apoptosis-accompanied membrane blebbing, a classical hallmark of the apoptotic execution phase. 25, 26 As the shown caspase-3 cleavage site of ROCK-1 (DETD1113) matches also reasonable well with prototypical caspase-8 recognition sites (Figure 6a Figure 3b) . Thus, ROCK-1 is involved in a subset of non-apoptotic death receptor-induced cellular effects, but is dispensable for apoptosis induction.
cFLIP-S inhibits induction of amoeboid cellular morphology by TRAIL and CD95L. In agreement with our aforementioned observation that caspase-8 activity is required for TRAIL-/Fc-CD95L-induced alterations in cellular morphology, we further found that ectopic expression of cFLIP-S not only prevented death receptor-associated caspase-8 maturation, but also death receptor-induced remodeling of the cytoskeleton in non-apoptotic HCT116-PIK3CA-mut cells (Figure 8a and b) . FLIP proteins also interfere with NFkB activation by TRAIL and Fc-CD95L. 23, 24, 27, 28 Consistent with this, we noticed that cFLIP-S expression abrogated TRAIL-and Fc-CD95L-induced upregulation of the NFkB-regulated target IL8 in HCT116-PIK3CA-mut cells ( Figure 8c ). As cFLIP proteins can contribute to tumor cell escape from apoptosis induction by death receptors, these proteins are commonly regarded as tumor-promoting factors. In contrast, our cFLIP-related data now suggest that cFLIP proteins can also exert anti-tumoral effects in death receptorresistant tumor cells.
Discussion
In this study, we analyzed the cooperation of the prominent oncogenic PI3K/Akt-signaling pathway with CD95 and the TRAIL death receptors. Analysis of isogenic HCT116 cell lines expressing wild-type or mutant PIK3CA revealed enhanced growth factor-independent cell proliferation and resistance against apoptosis induction by TRAIL and growth factor deprivation in the mutant PIK3CA cells. 4, 21 In accordance with the study of Guo et al., 21 which traced back apoptosis resistance of growth factor-deprived HCT116-PIK3CA-mut cells to downregulation of Bax expression, we found no major differences in the recruitment and activation of caspase-8 by CD95 and TRAIL death receptor between wild-type and mutant PIK3CA-expressing isogenic HCT116 cells (Figures 1 and 2) . Thus, resistance against death receptor-induced apoptosis in the HCT116-PIK3CA-mut model is largely dependent on mechanisms acting downstream of death receptor-associated caspase-8 maturation. In other cellular systems, PI3K/Akt pathway-dependent death receptor resistance has been assigned to changes in receptor mobility in the plasma membrane or upregulation of the caspase-8 inhibitory cFLIP proteins. [16] [17] [18] Our data thus suggest that the PTEN-PI3K-Akt system can confer protection against death receptor apoptosis by independently acting mechanisms in a cell type-specific manner. The plasticity in anti-apoptotic PI3K-Akt signaling might become especially important in view of the fact that distinct apoptosis inhibitory mechanisms differentially affect non-apoptotic signaling by CD95 and the TRAIL death receptors. Indeed, we observed that expression of cFLIP-S, which is a prominent and strong inhibitor of CD95-and TRAIL-induced apoptosis, also blocks TRAIL-and Fc-CD95L-stimulated NFkB activation in apoptosis-resistant cells expressing mutated PIK3CA (Figure 8 ). Thus, dependent on how the PTEN-PI3K-Akt system mediates death receptor resistance, it not only supports tumor cell survival by preventing TRAIL-and Fc-CD95L-induced apoptosis, but in addition enables cancer cells to hijack these molecules to establish a tumor-promoting microenvironment.
An involvement of CD95 in driving invasion and metastasis of cancer cells has recently been shown for glioblastoma cells. 15 In this study, activation of CD95 resulted in recruitment and activation of Src family kinases and the p85 subunit of PI3K accompanied by a subsequent increase in invasiveness because of stimulation of the Akt-GSK3b-b-catenin axis and upregulation of matrix metalloproteinases. 15 Remarkably, CD95-induced PI3K activation and cell migration in glioblastoma cells occur in a manner that is neither blocked by the general caspase inhibitor z-VAD-fmk nor accompanied by increased recruitment of FADD and caspase-8 to CD95.
There is evidence that caspase-8 also has a function in death receptor-independent modes of cell migration and cell motility. So, in NB7 neuroblastoma cells with hyperactive Src or stimulated with EGF, caspase-8 becomes phosphorylated on Y380 enabling the protein to bind the p85 subunit of PI3K and to activate the PI3K effector Rac, which is of pivotal relevance for cell migration. 29, 30 In this model of cell migration, the enzymatic activity of caspase-8 is again dispensable. 29, 30 In the same cellular model, a non-catalytic function of caspase-8 in Src-dependent cell adhesion and activation of extracellular-regulated kinase 1/2 has also been shown, but the relation of these events to p85/Rac-mediated cell migration is still unclear. 31 In addition, caspase-8 has also been found to be recruited to the focal adhesion complex in NB7 cells in which it enhances cell migration by stimulating talin cleavage by calpains in a caspase-activity/apoptosisindependent manner. 32, 33 As Src and PI3K are part of the focal adhesion complex, it is tempting to speculate that Y380 phosphorylation of caspase-8 and activation of PI3K/Rac reflect a function of caspase-8 in the focal adhesion complex. Taken together, to date, there is no evidence that the migration-promoting functions of CD95 and/or caspase-8 require caspase-8 activity.
Now, we observed that TRAIL and Fc-CD95L induce transition to an amoeboid-like cell shape that has been associated in recent years with a specialized type of cell migration that differs from the classical 'mesenchymal' type of cell migration regarded above. Although the mesenchymal type of cell migration requires pericellular proteolysis and Rac-mediated reorganization of the actin cytoskeleton, the amoeboid type of cell invasion is independent from pericellular proteolysis and has crucial requirement for ROCK-1 signaling. 34, 35 Noteworthy, the TRAIL-/Fc-CD95L-induced transition to an amoeboid cell morphology described in our study is not only dependent on caspase-8 and its enzymatic activity, but also involves ROCK activity (Figures 5a-c, 7a, and b) . Moreover, it has been earlier shown that in course of apoptosis, caspase-3-mediated cleavage of ROCK-1 releases an active fragment that induces apoptotic membrane blebbing. 25, 26 In good accordance with the idea that CD95 and the TRAIL death receptors trigger amoeboid transition by caspase-8-mediated, caspase-3-independent cleavage of ROCK-1 in non-apoptotic cells by a related mechanism, we showed that ROCK-1 cleavage and amoeboid transition are not significantly affected by caspase-3 inhibition and/or expression of PIK3CA-mut (Figure 6b, d, and e) . Notably, the inhibitory effect of caspase-8 knockdown on the death receptor-induced morphological change in cellular shape was more pronounced compared with the effect of ROCK-1 knockdown (Figures 5d and 7b ). This might be due to the existence of additional caspase-8 substrates affecting the cellular shape. In fact, caspase-8 also cleaves plectin, which links the actin cytoskeleton to microtubules and intermediate filaments. 36 Fc-CD95L also induced an amoeboid morphology in apoptosis-resistant HCT116-BaxÀ/À cells. However, in these cells, the effect was less pronounced than in the HCT116-PIK3CA-mut cells (Supplementary Figure 4; Figure 4 ). Parental HCT116 cells, which harbor a PIK3CA-wt and a PIK3CA-mut allele, are almost as sensitive for apoptosis induction as HCT116-PIK3CA-wt cells (Supplementary Figure 1a; Figure 1) . Thus, in a situation of mixed PIK3CA-mut and PIK3CA-wt alleles, the latter (wt) seems to dominate the cellular effects. The finding of a reduced Fc-CD95L-induced adoption of amoeboid shape in the HCT116-BaxÀ/À cells compared with the equally resistant HCT116-PIK3CA-mut cells might, therefore, mean that not only caspase-8-mediated ROCK-1 cleavage is involved in triggering the adaptation of amoeboid shape, but also other PI3K/Akt pathway-dependent mechanisms. In fact, IGF-1, which activates the PI3K/Akt pathway, also increased the number of HCT116-BaxÀ/À cells with amoeboid shape Btwofold (Supplementary Figure 4) .
We also analyzed whether HCT116-PIK3CA-mut cells undergo transition of a spindle shaped to amoeboid migration in a 3D collagen lattice in response to TRAIL or Fc-CD95L. However, the HCT116-PIK3CA-mut cells proved to be not well suited to this assay. First, the HCT116-PIK3CA-mut cells needed around 2 days to readopt their flat shape in the 3D collagen lattice, and second, showed poor migration and no significant alterations in cellular morphology irrespective of TRAIL treatment (data not shown). Therefore, further investigations are under way to answer the question whether death ligand-induced adoption of an amoboid cellular shape is sufficient for the amoboid-like type of migration.
Materials and Methods
Cell lines, reagents, and antibodies. HCT116-PIK3CA-wt, HCT116-PIK3CA-mut, and HCT116-Bax-/-were a kind gift of B Vogelstein (Johns Hopkins University, Baltimore, USA) and maintained in RPMI1640 medium (PAA, Pasching, Austria) containing 10% heat inactivated fetal calf serum (PAA). Fc-CD95L was produced in HEK293 cells and was purified by anti-Flag mAb affinity chromatography taking advantage of an internal Flag epitope. Protein G agarose beads were purchased from Sigma (Deisenhofen, Germany), z-VAD-fmk from Bachem (Heidelberg, Germany), and Killer-TRAIL from Alexis (Lörrach, Germany). Antibodies specific for caspase-3, caspase-9, JNK, phospho-JNK, p44/42, phospho-p44/42, p38, phospho-p38, and phospho-IkBa were purchased from Cell Signaling (Beverly, MA, USA). IkBa-, CD95-, and FADD-specific antibodies were obtained from Santa Cruz (Santa Cruz, CA, USA); anti-RIP, anti-caspase-2, anti-transferrin receptor, anti-flotillin, and anti-PARP1 were from BD Biosciences Pharmingen (Heidelberg, Germany); anti-b-actin was obtained from Sigma; and anti-FLIP from Alexis.
Cell death assay. Cells (20 Â 10 3 per well) were seeded in 96-well plates. The next day, cells were challenged with indicated concentrations of Fc-CD95L or Killer-TRAIL in triplicates. Cell viability was determined after 18 h using MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium bromide) staining.
Western blotting. For detection of phosphorylated proteins, cells were harvested in medium, spun down, and directly dissolved in 4 Â Laemmli sample buffer (8% SDS, 0.1M dithiothreitol, 40% glycerol, 0.2 M Tris, pH 8.0) supplemented with phosphatase inhibitor cocktails-I and -II (Sigma). Lysates were sonicated and subsequently boiled for 5 min at 961C. For western blot analyses, proteins were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), transferred to nitrocellulose membranes, and non-specific binding sites were blocked by incubation in Tris-buffered saline containing 0.1% Tween 20 and 5% dry milk. Membranes were incubated with primary antibodies of the indicated specificity, followed by horseradish peroxidase-conjugated secondary antibodies (Dako, Hamburg, Germany). Protein bands were visualized using ECL western blotting detection reagents (Amersham Biosciences Europe, Freiburg, Germany).
For preparation of triton Â 100 lysates, cells were washed, resuspended in lysis buffer containing 30 mM Tris-HCl, 1% triton Â 100, 10% glycerol, 120 mM NaCl, pH 7.5, supplemented with complete protease inhibitor cocktail (Roche Diagnostics GmbH, Mannheim, Germany), and incubated 20 min on ice. Lysates were cleared by centrifugation (20 min, 14.000 Â g), Laemmli sample buffer was added, and samples were boiled for 5 min at 961C.
Isolation of detergent insoluble membrane fractions. A total of 3 Â 10 7 cells per group were harvested, suspended in 200 ml serum-free RPMI 1640 medium and lysed in 200 ml ice-cold triton Â 100 lysis buffer (0.8% triton Â 100 in TNE (25 mM Tris, pH 7.5, 150 mM NaCl, 5 mM EDTA, 1 mM Pefabloc, 5 mM C 2 H 4 INO, 1 mM Na 3 VO 4 , 1 mM NaF)). Lysates were loaded on discontinuous sucrose gradients and after centrifugation at 50 000 r.p.m. in a Beckman SW60 rotor for 22 h at 41C, four fractions were collected from each sample and analyzed by western blotting. Detection of the established lipid raft marker flotillin was used to identify the lipid raft-containing fraction.
Flow cytometry and annexin V staining. Cells were incubated for 30 min on ice with PE-conjugated TRAILR1-/TRAILR2-specific antibody, FITC-conjugated anti-CD95 antibody (R&D Systems) or an appropriate isotype control (R&D Systems). Annexin V was purchased from Immunotools (Friesoythe, Germany) and used according to manufacturers' instructions. Analyses were performed using FACSCalibur (BD Biosciences, Heidelberg, Germany) following standard procedures.
Coimmunoprecipitation. Immunoprecipitation of CD95 was performed with Fc-CD95L using one confluent 175 cm 2 flask of cells per condition. Briefly, cells were stimulated with 200 ng/ml Fc-CD95L in 5 ml medium for the indicated times at 371C, washed in ice-cold PBS, transferred in 1.5 ml lysis buffer (30 mM Tris-HCl, pH 7.5, 1% triton Â 100, 10% glycerol, 120 mM NaCl) supplemented with complete protease inhibitor cocktail (Roche Diagnostics GmbH), and incubated for 20 min on ice. Lysates were cleared by centrifugation (2 Â 20 min, 14 000 g) and CD95 complexes were precipitated with protein G agarose (40 ml of a 50% slurry) at 41C overnight. Lysates from unstimulated cells supplemented with 50 ng of Fc-CD95L before adding protein G beads served as negative control. After washing in lysis buffer, agarose-bound proteins were eluted by incubation at 751C for 10 min in 4 Â Laemmli sample buffer.
Determination of IL8 and uPA production. For determination of IL8 secretion, cells (20 Â 10 3 per well) were seeded in triplicates in 96-well tissue culture plates and cultured overnight. Thereafter, medium was changed and the indicated concentrations of Fc-CD95L or Killer-TRAIL or medium were added for 4 h in the presence or absence of 100 mM z-VAD-fmk. IL8 was quantified in the collected supernatants using an enzyme-linked immunosorbent assay (BD Biosciences Pharmingen). For quantification of uPA in cell culture, supernatants cells were seeded in 96-well tissue culture plates and stimulated next day with Fc-CD95L and Killer-TRAIL for 18 h. The amounts of uPA in cell culture supernatants were determined by uPA ELISA (American Diagnostica, Greenwich, CT, USA). Concentration of uPA was normalized to the cell number determined in parallel.
siRNA experiments. Knockdown of caspase-8 or ROCK-1 was performed using specific siRNA (Qiagen, Hilden, Germany). Briefly, cells were seeded in six-well plates (2.5 Â 10 5 cells per well) and after incubation over night, 100 pmol of specific or control siRNA were transfected using Lipofectamine 2000 transfection system (Invitrogen, Carlsbad, CA, USA) according to the manufacturer's instructions. Two days post-transfection, knockdown efficacy was determined by western blot analysis and subsequent treatment started. Incubation with Fc-CD95L (200 ng/ml) or Killer-TRAIL (50 ng/ml) lasted over night for microscopy analysis (see below) or 4 h for measuring IL8 induction.
Microscopy. Light microscopy analyses were performed using a Zeiss Axiovert 40 inverted microscope (Zeiss, Oberkochen, Germany), connected to a Canon Powershot A620 digital camera (Canon, Krefeld, Germany). For morphologic analyses of HCT116-PIK3CA-mut cells, cells were seeded in six-well plates (1.5 Â 10 6 cells per well). The next day, cells underwent treatment with Killer-TRAIL or Fc-CD95L, lasting over night. In case of preceding siRNA transfection, treatment started 48 h thereafter, lasting again over night. Pictures were taken using 'Psremote' software (Breeze Systems, Bagshot, UK). For analysis, cells displaying round morphology were counted in three randomly selected fields (Â 400 magnification). Statistical and graphic analyses were performed using the Software Graph Pad Prism 5 (GraphPad Software Inc., La Jolla, CA, USA). For visualization of F-actin, cells were grown on glass coverslips for and treated as indicated. After fixation with 2% formaldehyde (freshly prepared from paraformaldehyde) in PBS (10 min, RT), cells were immersed in PBS containing 0.1% triton Â 100 for 5 min at room temperature. After incubation with 10% normal goat serum and 1% bovine serum albumin (30 min, RT), F-actin was stained with ALEXA488-labeled phalloidin (Mobitec, Goettingen, Germany) for 60 min at room temperature. Coverslips were rinsed with PBS (5 min, three times each) and mounted on glass slides with 60% glycerol in PBS containing 1.5% n-propyl gallate (Serva, Heidelberg, Germany) as anti-fading compound. A confocal laser scanning microscope (LSM510, Carl Zeiss Microimaging, Goettingen, Germany) was used for analysis and imaging.
Invasion assay. To evaluate the invasive potential of HCT116-PIK3CA-mut cells, 2.5 Â 10 5 KiF-5 fibroblasts were seeded per well of a 24-well plate, cultivated for 4 days, washed with PBS, and permeabilized by adding 500 ml DMSO per well for 1 h at room temperature. After washing with PBS, the fibroblasts were overlayed with HCT116-PIK3CA-mut cells (2 Â 10 4 cells/well in culture medium). After 24 h, medium was replaced by medium alone or medium supplemented with Killer-TRAIL (50 ng/ml) or Fc-CD95L (200 ng/ml). After additional 2 days, cells were rinsed with PBS and stained by incubation with 0.2% trypan blue for 15 min. After removing the staining solution and washing twice with PBS, cells were finally photographed. The living HCT116-PIK3CA-mut cells could be distinguished from the KiF-5 fibroblasts layer as trypan blue preferentially stain the latter cells, which are dead and permeabilized. Areas covered by unstained cells thus represent regions in which fibroblasts were displaced or digested by invasive HCT116-PIK3CA-mut cells.
